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LASER ALIGNMENT METHOD AND APPARATUS 
FIELD OF THE INVENTION 
[0001] The present invention generally relates to a method for setting or 
calibrating a machine tool, and more particularly to a method for determining how 
to re-set or re-calibrate the critical components of a machine tool so as to 
improve the output of the machine tool. 

BACKGROUND OF THE INVENTION 
[0002] Increasingly large and complex machine tools are being utilized in 
virtually all manufacturing disciplines to achieve gains in productivity and quality. 
These machine tools frequently have several critical components, each of which 
have two or more degrees of freedom. Each of these critical components must 
be accurately aligned or registered to a predetermined datum in three 
dimensional space for the machine tool to perform with maximum accuracy and 
repeatability. 

[0003] Often times, however, the numerous degrees of freedom render the 
alignment or registration process excessively complex such that the adjustments 
to bring a machine tool into alignment are difficult (and sometimes impossible) for 
a mechanic, tradesperson or engineer (referred to hereinafter as simply 
"technician") to visualize or determine on the shop floor. Furthermore, we have 
found that attempts to adjust the alignment or registration of a machine tool's 
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critical components given only the output of the machine tool can (and often 
times do) produce undesired results. 

[0004] With reference to Figures 1 and 2 of the drawings, an exemplary 
extrusion press is generally indicated by reference numeral 10. The extrusion 
press 10 is illustrated to be a direct tube extrusion press having a stationary 
mandrel of the type that is commercially available from SMS Hasenclever and 
which is employed for producing cylindrical lengths of copper tubing. Those 
skilled in the art will appreciate, however, that the use of an extrusion press and 
the fabrication of copper tubing is merely exemplary and that the teachings of the 
present invention have applicability to various other machine tools and to the 
manufacture of various other products. Accordingly, those skilled in the art will 
understand that the scope of the present invention is not limited by the exemplary 
illustration and discussion of either an extrusion press or the manufacture of 
copper tubing. 

[0005] In the example provided, the extrusion press 10 includes a primary 
frame or main structure 20, a main ram 22, a moving crosshead 24, a piercing 
crosshead 26, a piercer ram 28, a container 30 and a die set 32. The main 
structure 20 includes a front platen 40, a rear platen 42, a plurality of pre- 
tensioned tie rods 44, and an interior structure 46 that defines a plurality of ways 
48 on which the container 30 and the moving crosshead 24 translate. The main 
structure 20 is constructed such that the front and rear platens 40, 42 are 
approximately parallel to one another, being spaced apart by an appropriate 
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distance (e.g. 25 feet) and generally perpendicular to the longitudinal axis 50 of 
the extrusion press 10. 

[0006] The main ram 22 is associated with the rear platen 42 and is 
operable for translating the moving crosshead 24 along the ways 48 between the 
front and rear platens 40, 42. The moving crosshead 24 includes a generally 
hollow body 60, a stem tooling set 62 and a plurality of support feet 64. The 
hollow body 60 houses the piercing crosshead 26 and the piercer ram 28. The 
stem tooling set 62 includes a generally hollow stem 68 that includes a pressing 
face 70 that is generally perpendicular to the longitudinal axis of the stem 68. 
The support feet 64 are coupled to the body 60 and include jack screws 72a, 72b 
or a similar adjustment means through which the orientation and position of the 
body 60 may be positioned relative to the ways 48. In practice, the massive 
weight of the body 60 biases the jack screws 72a on the lower half of the body 60 
into contact with their associated ways 48, while the jack screws 72b on the 
upper half of the body 60 are adjusted so as to inhibit upward movement of the 
body 60 during the operation of the extrusion press 10. 

[0007] As noted above, the piercing crosshead 26 and the piercer ram 28 
are housed in the moving crosshead 24. The piercing crosshead 26 includes a 
mandrel support 76, a mandrel 78 and optionally, a plurality of feet (not shown). 
The mandrel support 76 is disposed within a cavity in the body 60 of the moving 
crosshead 24 and is movable via the piercer ram 28 between an extended 
position and a retracted position. The mandrel 78 is coupled to the mandrel 
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support 76 and extends forwardly therefrom through the generally hollow center 
of the stem 68. 

[0008] The container 30 is movable along the ways 48 between a 
retracted position, which is rearward of the die set 32, and an extended position, 
which is abutted against the die set 32. The container 30 includes a hollow 
sleeve 80 that is configured to receive therein a billet 82 of a suitable material, 
such as copper. 

[0009] The die set 32 conventionally includes a pressure plate, a backer 
and a die 32a. The die 32a is loosely coupled to the front platen 40 to permit the 
die 32a to move in two orthogonal directions in a plane that is generally 
perpendicular to the front platen 40. The die 32a includes a tapered trailing edge 
(not specifically shown) that matingly engages a correspondingly shaped leading 
edge (not specifically shown) that is formed into the sleeve 80 of the container 
30. This degree of freedom, in theory, facilitates precise alignment of the die 32a 
to the container 30 at the beginning of an extrusion cycle. 
[0010] As those skilled in the art will appreciate, the output of the extrusion 
press 10 (i.e., the accuracy and repeatability of the tubing produced by the 
extrusion press 10) is a function of the alignment of the various critical 
components to one another. For example, if the axis of the mandrel 78 were to 
be shifted relative to the axis of the stem 68 (i.e., generally parallel but not 
coincident), the tubing produced by the extrusion press 10 may be uniformly 
eccentric. In more complicated scenarios where the axis of one or more the 
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critical components are shifted out of position and/or skewed relative to another 
of the critical components, the product produced by the extrusion press 10 may 
exhibit a varying degree of non-uniformity (e.g., a varying degree of eccentricity) 
or in extreme cases, exhibit defects such as ruptures or breaks. 
[0011] From the foregoing, those of ordinary skill in the art will appreciate 
the need and desirability of aligning or registering the critical components of a 
machine tool. In the past, the known methodologies focused on the alignment of 
each of a machine tool's components to a predetermined fixed datum, such as 
the longitudinal axis of the machine tool. With regard to the extrusion press 10, 
the methodology included a two-part measurement step wherein the height of 
each of the machine tool's components was gauged and thereafter the distance 
between a datum and a face of several of the machine tool's components was 
employed to determine the amount by which the component was offset in a 
lateral direction from the longitudinal axis of the extrusion press 10. In the latter 
part of the measurement step, the datum comprised a wire that was stretched 
between the front and rear platens 40, 42 by the technician conducting the 
measurement. 

[0012] The theory behind such methodologies is logical enough - place 
every component into its "design" position and the machine tool will operate in its 
intended manner. Unfortunately, such processes are typically very time 
consuming and as we have found, at times costly and complicated. 
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[0013] With respect to the extrusion press 10, we have found that the 
measurements taken for the known calibration processes often require upwards 
of eight hours to perform and that the results obtained in this step are generally 
less accurate and repeatable than is desired {for example, we estimate that the 
accuracy of the measurements of the distance between the datum and the faces 
of the machine tool's components to be within about 1mm (0.039 inch), while the 
repeatability of such measurements are estimated to be within about 0.5mm 
(.019 inch)}. 

[0014] The corrective action to position the various components of the 
extrusion press 10 into their "design" position can be extremely complicated due 
to the number of components that are involved, the interactions between these 
components, and the several degrees of freedom of each of these components. 
The variance between the actual position of a component and its "design" 
position is sometimes the result of wear, which in some situations, cannot be 
"adjusted" or otherwise compensated for without costly rebuilding of the extrusion 
press 10. 

[0015] In view of the aforementioned issues, there remains a need in the 
art for a methodology that permits a technician to quickly and accurately 
determine the condition of the machine tool through the evaluation of the 
alignment of the various critical components of the machine tool. Further, there 
remains a need in the art for determining the critical components of a machine 
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tool and for quickly and accurately aligning the critical components of a machine 
tool. 

SUMMARY OF THE INVENTION 
[0016] In one preferred form, the present invention provides a method for 
calibrating a machine tool. The method includes: identifying a plurality of critical 
components (CC); identifying each critical device (CD) that is employed to affect a 
position of an associated critical component (CC); identifying a plurality of possible 
positions (PPcd) for each critical device (CD); identifying a plurality of possible 
combinations (PC), each possible combination (PC) including one of the possible 
positions (PPcd) for each of the critical devices (CD); and evaluating each of the 
possible combinations (PC) to identify which of said possible combinations (PC A ) 
adversely effect the output of the machine tool. 

[0017] In another preferred form, the present invention provides a method 
for calibrating an extrusion press that has a container and a moving crosshead that 
includes a stem. The method includes aligning an axis of the container directly to 
an axis of the stem. 

[0018] Further areas of applicability of the present invention will become 
apparent from the detailed description provided hereinafter. It should be 
understood that the detailed description and specific examples, while indicating 
the preferred embodiment of the invention, are intended for purposes of 
illustration only and are not intended to limit the scope of the invention. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] Additional advantages and features of the present invention will 
become apparent from the subsequent description and the appended claims, 
taken in conjunction with the accompanying drawings, wherein: 
[0020] Figure 1 is a perspective view of an exemplary extrusion press 
which is employed to illustrate the method and tooling of the present invention; 
[0021] Figure 2 is a sectional view of the extrusion press of Figure 1 taken 
through its longitudinal axis; 

[0022] Figure 3 is a perspective view of a tooling set constructed in 
accordance with the teachings of the present invention; 

[0023] Figure 4 is a side view of a portion of the tooling set of Figure 3, 

illustrating the construction of an elevation pin in greater detail; 

[0024] Figure 5 is an end view of the elevation pin of Figure 4; 

[0025] Figure 6 is a schematic plan view of the elevation press of Figure 1 

illustrating a step in the methodology of the present invention wherein the 

elevation of various critical components is determined relative to the longitudinal 

axis of the extrusion press; 

[0026] Figure 7 is a schematic plan view of the extrusion press of Figure 1 
illustrating a step in the methodology of the present invention wherein a lateral 
offset of various critical components is determined relative to the longitudinal axis 
of the extrusion press; 
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[0027] Figure 8 is a schematic side elevation view of a portion of the 
extrusion press of Figure 1, illustrating a step in the methodology of the present 
invention wherein relative positions of the axis of a critical component is 
established relative to a position of the axes of another critical component; 
[0028] Figure 9 is a side elevation view of a portion of the extrusion press 
of Figure 1 illustrating the alignment of the laser transmitter to the axis of the 
stem; 

[0029] Figure 10 is a side elevation view in partial section of a portion of 
the extrusion press of Figure 1 illustrating the coupling of the laser receiver to a 
first side of the container and the alignment of the laser receiver to the axis of the 
container; 

[0030] Figure 11 is a front view of a portion of the receiver mount 
illustrating the mounting flange in greater detail; 

[0031] Figure 12a is front view of a portion of the receiver mount 
illustrating the fixture block in greater detail; 

[0032] Figure 12b is a side elevation view of the fixture block with the laser 
receiver coupled thereto; 

[0033] Figure 13 is a view similar to that of Figure 10 but illustrating the 
coupling of the laser receiver to a second side of the container and the alignment 
of the laser receiver to the axis of the container; 

[0034] Figure 14 is a front view of an alternately constructed receiver 
mount; and 
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[0035] Figure 15 is a side elevation view of the receiver mount of Figure 
14 in operative association with a centering device and a digital laser receiver. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0036] In contrast to the known calibration methodologies, the approach 
that we have developed is somewhat more analytical in nature and requires a 
thorough understanding of the machine tool prior to the implementation of an 
action to affect the output of the machine took This understanding of the 
machine tool may be thought of as including three steps: 1) geometry; 2) 
measurement; and 3) experimentation. 

[0037] The geometry step essentially requires that one understand which 
of the machine tool's components are critical to its operation, how the position 
(i.e., the location and/or orientation as appropriate) of each of these critical 
components may be altered, and how the various critical components may 
interact with one another to effect the output of the machine tool. Critical 
components are generally those components that can be selectively positioned 
to effect the output of the machine tool, but could also include, for example, those 
components that can be selectively positioned to effect the useful life of the 
machine tool. 

[0038] A critical component generally includes one or more critical 
devices, such as a jack screws, shims, etc., that may be employed to affect the 
position of the critical component. Stated another way, each critical device 
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permits its associated critical component to be positioned to one of a plurality of 
possible positions (PPcd). 

[0039] Since the position of each of the critical components may be 
independent of the position of other critical components, the methodology of the 
present invention identifies possible combinations (PC), wherein each possible 
combination (PC) includes one of the possible positions (PPcd) of each critical 
device (CD). Thereafter, each of the possible combinations (PC) is evaluated to 
identify those possible combinations (PC A ) that adversely effect the output of the 
machine tool. Preferably, these possible combinations (PC A ) are evaluated to 
determine which of the critical components cause the adverse effect on the 
output of the machine tool so that the possible combination (PCa) may be 
employed to identify strategic positions (SP C d) of those corresponding critical 
devices (CCD) that are identified as causing the adverse effect. 
[0040] Taking the extrusion press 10 of Figures 1 and 2 as an example, 
it's ideal output is a copper tube whose inside diameter is concentric with its 
outside diameter. As those of even basic skill in the art will appreciate, a 
variation in concentricity results in the non-uniformity of the thickness of the wall 
of the copper tube. Since every point in the wall of the copper tube must exceed 
a minimum thickness, additional material is employed to account for the 
variations in concentricity (i.e., the thickness of the wall is increased at all points 
so that variations in concentricity will not cause the wall thickness to be less than 
the minimum thickness at any point). This "additional material" is relatively 
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expensive yet adds no value to the copper tube. With that in mind, the container 
30 and the stem 68 are critical components, since their respective positions (i.e., 
their locations and/or orientations) effect the output of the extrusion press 10. 
[0041] In the particular example provided, the die 32a is not considered to 
be a critical component because it cannot be independently moved to effect the 
output of the extrusion press 10. In this regard, the die 32a is "free floating" (i.e., 
movable) such that the container 30 centers the die upon the axis of the 
container 30, as well as forces the die 32a against the front platen 40. 
[0042] With the critical components of the extrusion press 10 having been 
identified, we next identify their critical devices (i.e., the means by which the 
position of each of the critical components may be moved or otherwise affected). 
In the example provided, each of the container 30 and the moving crosshead 24 
include one or more sets of upper and lower jack screws 72a, 72b that may be 
employed to control the respective positions of the container 30 and the stem 68. 
[0043] We employed a Yates algorithm to simplify the analysis of the 
extrusion press (i.e., the identification of the possible combinations, the 
evaluation of each possible combination and the identification of the possible 
combinations that adversely effect the output of the extrusion press 10). In this 
regard, we considered each set of upper and lower jack screws 72 to be movable 
to a nominal position, a high position, which elevated the associated critical 
component from the nominal position by a predetermined distance, such as 3 
mm, that was known to adversely effect the output of the extrusion press 10, and 
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a low position, which lowered the associated critical component from the nominal 
position by a predetermined distance, such as 3 mm, that was known to 
adversely effect the output of the extrusion press 10. Since the container 30 and 
the moving crosshead each employ four sets of jack screws 72, the Yates 
algorithm identified 3 8 or 6,561 possible combinations (three different positions 
for each set of jack screws, with eight total sets of jack screws being considered). 
[0044] As those skilled in the art will appreciate, various techniques may 
be employed to evaluate each of these combinations to determine whether they 
adversely effect the output of the extrusion press 10. In evaluating these 
combinations, we initially "factored out" any of those combinations that were 
known to be not physically possible (e.g., a possible combination wherein three 
of the four sets of jack screws 72 on the moving crosshead 24 is positioned in a 
nominal position and the remaining set of jack screws 72 is positioned in a high 
or low position), or to not adversely effect the extrusion press 10 (e.g., the 
possible combination wherein each set of the jack screws 72 is positioned in a 
nominal position), and then employed a modeling technique, such as three- 
dimensional solids modeling, to determine the effect that each of the remaining 
combinations had on the output of the extrusion press 10. The results of the 
solids modeling analysis were employed to identify 1 4 possible combinations that 
adversely effected the output of the extrusion press 10. 

[0045] The measurement step essentially requires one to accurately 
determine the position of the critical components. This information may be 



-13- 



HD&P Ref. 1322-001 58 



employed to determine whether any of the critical components have been 
positioned into one of the possible combinations (PC A ) that adversely effect the 
output of the machine tool, as well as whether one of the corresponding critical 
devices (CCD) have been positioned in a strategic position (SP C d). 
[0046] As noted above, we have found the accuracy of the known 
calibration methodologies for the extrusion press 10 to be relatively poor. 
Furthermore, these prior methodologies appear to have been based on 
assumptions that did always not hold true in practice and as such, they did not 
collect sufficient information to permit one to fully determine the position of one or 
more of the components (e.g., the container 30) of the extrusion press 10. In 
view of these drawbacks, we developed the tooling set 100 that is illustrated in 
Figure 3. The tooling set 100 is illustrated as including a laser transmitter 102, a 
laser receiver 104, one or more elevation pins 106, a transmitter mount 108, at 
least one receiver mount 1 10, a first chuck 112 and a second chuck 114. 
[0047] The laser transmitter 102 is an N2 or N3 type laser such as a 
Microgage Laser Transmitter with Precision Leveling Module that is commercially 
available from Pinpoint Laser Systems, Inc. of Newburyport, MA. The laser 
transmitter 102 conventionally produces a laser beam 102a that is configured to 
identify a reference plane that is employed in the collection of data on the 
machine tool. 

[0048] In the example provided, the laser receiver 104 includes both a 
digital laser receiver 104a and a data display 104b, such as a Microgage Remote 
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Receiver and a Microgage Data Display which are commercially available from 
Pinpoint Laser Systems, Inc. of Newburyport, MA. The digital laser receiver 
104a includes a target portion 120 that is aligned along an axis 122 of the digital 
laser receiver 104a. When struck by the laser beam 102a, the target portion 120 
is configured to sense the location of the laser beam 102a along the axis 122 of 
the digital laser receiver 104a, thereby permitting the laser receiver 104 to 
determine the distance between the laser beam 102a and a predetermined (and 
selectable) reference point on the axis 122 of the digital laser receiver 104a. The 
data display 104b is employed to display the distance measurement for 
electronic or manual recordation. 

[0049] As the elevation pins 106 are similar to one another and differ only 
in their overall length, the discussion of one elevation pin will suffice for all. With 
additional reference to Figures 4 and 5, the elevation pin 106, which is formed 
from a suitable material, such as hardened 4140 steel, is illustrated to include an 
insertion portion 130 and a stepped portion 132. The insertion portion 130, which 
is generally cylindrical in shape, is ground or otherwise machined to a precise 
diameter that closely matches the diameter of the several elevation holes 134 
(Figure 1) that are formed in the container 30 and the left and right sides of the 
front and rear platens 40, 42 and the moving crosshead 24. Briefly, the elevation 
holes 134 are machined by the manufacturer of the extrusion press 10 into the 
various critical components. Each the elevation hole 134 is positioned at a 
predetermined location relative to the longitudinal axis of the extrusion press 10. 
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The elevation holes 134 permit a technician to gauge the height of these 
components relative to one another and as such, the insertion portion 130 of the 
elevation pin 106 is sized to closely match the size of the elevation holes 134 so 
as to facilitate accurate measurements of the elevation of the various 
components. 

[0050] In the particular example provided, a flat 138 is formed on the 
insertion portion 130 so that the insertion portion 130 does not make contact 
around its entire perimeter with the elevation hole 134 into which it is to be 
inserted. Construction of the insertion portion 130 in this manner renders the 
insertion portion 130 easier to locate and insert to the elevation hole 134 and 
also provides an escape route through which air in the elevation hole 134 is 
permitted to escape as the insertion portion 130 is inserted to the elevation hole 
134. 

[0051] The stepped portion 132 is illustrated to include a generally flat 
mounting surface 140 that is generally parallel and preferably coincident with the 
longitudinal axis 142 of the elevation pin 106. A locating aperture 144 is formed 
through the stepped portion 132 in a direction that is generally perpendicular to 
the mounting surface 140. The locating aperture 144 is sized to receive a 
locating pin (not specifically shown) that is removably mounted to the digital laser 
receiver 104a. The mounting surface 140 and the locating aperture 144 
cooperate to align the digital laser receiver 104a in a manner that spaces the 
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digital laser receiver 104a perpendicularly away from the longitudinal axis 142 of 
the elevation pin 106 by a predetermined distance. 

[0052] In operation, the laser transmitter 102 is mounted to a tripod 150 
(e.g., a Precision Leveling Tripod that is commercially available from Pinpoint 
Laser Systems, Inc. of Newburyport, MA) that is positioned on a first lateral side 
of the extrusion press 10 as illustrated in Figure 6. The laser transmitter 102 is 
leveled so that the beam 102a produced by the laser transmitter 102 is contained 
in a generally horizontal plane. An appropriate one of the elevation pins 106 is 
mounted into the elevation hole 134 of a desired component of the extrusion 
press 10, such as the rear platen 42, and the digital laser receiver 104a is 
mounted to the selected elevation pin 106 (via the locating pin). The laser 
transmitter 102 is rotated on the tripod 150 and the digital laser receiver 104a is 
rotated about the locating pin so that the laser beam 102a contacts the target 
portion 120 (Fig. 3) and the axis 122 (Fig. 3) of the target portion 120 is generally 
perpendicular to the laser beam 102a. We have found that a commercially 
available bubble level (not shown) may be employed to aid in and expedite the 
orienting of the elevation pin 106 (i.e., the bubble level permits the technician to 
rotate the elevation pin 106 such that the flat mounting surface 140 is roughly 
parallel to the laser beam 102a). In the particular example provided, the digital 
laser receiver 104a includes an indicator 152 (Fig. 3) that identifies those 
situations when insufficient light is striking the target portion 120 (Fig. 3) to 
thereby alert the user that the digital laser receiver 104a should be pivoted about 
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one or both of the elevation hole 134 and the locating aperture 144. Once the 
target portion 120 and the laser beam 102a have been aligned (i.e., the indicator 
152 (Fig. 3) is illuminated with a green light in the particular example provided), 
the laser receiver 104 is employed to collect height data for a particular location 
(i.e., for a particular elevation hole 134). 

[0053] In the example provided, elevation holes 134 are provided for each 
of the front and rear platens 40, 42, the moving crosshead 24 and the container 
30, which therefore permit the technician to collect height data at each of these 
points. Thereafter, the tripod 1 50 is relocated to the second side (opposite to the 
first side) of the extrusion press 10 and the process is repeated. Importantly, 
only the elevation hole 134 in the container 30 is re-used in this latter step. 
Stated another way, each of the front and rear platens 40, 42 and the moving 
crosshead 24 include two sets of elevation holes 134, with each elevation hole 
134 being employed to collect height data on an associated side of the extrusion 
press 10. The container 30, however, includes a single elevation hole 134 that is 
employed to associate the height data from the first side of the extrusion press 
10 with the height data from the second side of the extrusion press 10. More 
specifically, the difference between the height data measurements at the 
container 30 for the first and second sides of the extrusion press 10 is employed 
as an offset to correct the remaining height data measurements, and thereby 
compensate for variance in the height of the laser beam 102a, that result from 
relocating the tripod 150. 
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[0054] The height data for the front and rear platens 40, 42 permits the 
technician or a computer program to establish the location of the longitudinal axis 
50 (in a vertical plane) of the extrusion press 10. The remaining height data, 
which is optional, may be employed by the technician or a computer program to 
determine a vertical offset between the longitudinal axis of various remaining 
critical components and the longitudinal axis 50 of the extrusion press 10. Those 
skilled in the art will appreciate that the axis of one or more of the various 
remaining critical components can be made to coincide with the longitudinal axis 
50 of the extrusion press 10 if desired, using the remaining height data. 
[0055] With the longitudinal axis 50 of the extrusion press 10 having been 
established, the transmitter mount 108 and the receiver mount(s) 110 are 
employed to characterize the lateral offset of the various critical components 
relative to the longitudinal axis 50 of the extrusion press 10. To aid in this step, 
gauging surfaces 200, which are illustrated in Figure 7, are provided on each 
critical component by the machine tool manufacturer. Each gauging surface 200 
is located on an associated critical component such that it is offset laterally by a 
predetermined distance from the longitudinal axis 50 of the extrusion press 10. 
[0056] As illustrated in Figure 7, the transmitter mount 108 permits the 
laser transmitter 102 to be mounted to one of the critical components (e.g., to the 
rear platen 42) so that a laser beam 102a that is generated is generally parallel 
to the longitudinal axis 50 and offset therefrom by a predetermined distance. 
Briefly, the transmitter mount 108 is a bracket that permits the laser transmitter 
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102 to be mounted to the gauging surface 200 that is formed on the rear platen 
42. 

[0057] One or both of the transmitter mount 108 and the laser transmitter 
102 may be selectively positioned relative to the gauging surface 200 such that 
the laser beam 102a that is generated by the laser transmitter 102 is contained in 
a plane that is generally parallel to the longitudinal axis 50 of the extrusion press 
10. Since each of the gauging surfaces 200 is machined flat and generally 
parallel to the longitudinal axis 50 of the extrusion press 10 and since the 
transmitter mount 108 positions the laser transmitter 102 such that the laser 
beam 102a is generated generally parallel to the gauging surface 200 on the rear 
platen 42, movement of the transmitter mount 108 and/or the laser transmitter 
102 in the embodiment provided is limited to leveling the laser beam 102a such 
that it is contained in a generally horizontal plane. 

[0058] With additional reference to Figure 3, each receiver mount 110 is 
illustrated to include a mounting flange 210 and a spacing bar 212. The 
mounting flange 210 includes a generally flat abutting face 214 that is configured 
to abut the gauging surface 200 of a critical component (other than the rear 
platen 42). A slotted mounting aperture 216 is formed through the mounting 
flange 210 and sized to receive a conventional threaded fastener (not shown). 
The threaded fastener permits the mounting flange 210 to be fixedly but 
removably coupled to the gauging surface 200, while the slotted mounting 
aperture 216 provides the capability to raise or lower the mounting flange 210 on 
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the gauging surface 200, as well as rotate the mounting flange 210. The spacing 
bar 212 is fixedly coupled to the mounting flange 210 and includes a mount 220. 
The mount 220, which is illustrated to include a pair of holes 222 for receiving an 
associated pair of dowels (not shown) that are removably attached to the digital 
laser receiver 104a in the example provided, provides a means by which the 
digital laser receiver 104a may be mounted to the spacing bar 212 at a 
predetermined distance away from the abutting face 214 of the mounting flange 
210. 

[0059] Preferably, the tooling set 100 includes two receiver mounts 110, 
one being associated solely with the front platen 40 and another to be used with 
the moving crosshead 24 and the container 30, so that if necessary, data can be 
collected while the extrusion press 10 is operating to thereby permit the 
technician to monitor the moving crosshead 24 or the container 30 shift during an 
extrusion cycle. Those skilled in the art will appreciate, however, that a single 
receiver mount 1 10 may be utilized for the collection of data from the front platen 
40, the moving crosshead 24 and the container 30. 

[0060] In operation, a receiver mount 110 is abutted to the gauging 
surface 200 on the front platen 40 and adjusted (vertically and rotationally) as 
necessary so that the laser beam 102a properly strikes the target portion 120 
(i.e., the indicator 152 (Fig. 3) is illuminated with a green light in the example 
provided). We have found that a commercially available bubble level (not shown) 
may be employed to aid in and expedite the orienting of the receiver mount 1 10 
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(i.e., the bubble level permits the technician to rotate the receiver mount 110 
such that the top surface of the spacing bar 212 is roughly parallel to the laser 
beam 102a). Since the spacing bar 212 positions the digital laser receiver 104a 
at a predetermined distance from the gauging surface 200 and the gauging 
surface 200 is offset from the longitudinal axis 50 by a known distance, the laser 
receiver 104 is employed to establish an offset axis 230. 

[0061] With the offset axis 230 established, the other receiver mount 110 
is employed in a manner that is similar to that described above to determine 
lateral offset values for the moving crosshead 24 and the container 30. More 
specifically, the receiver mount 1 10 is mounted to the gauging surface 200 of the 
moving crosshead 24, the digital laser receiver 104a is mounted thereto at a 
known position, and the spacing bar 212 is adjusted vertically and/or rotated as 
necessary so that the laser beam 102a properly strikes the target portion 120. 
The laser receiver 104 is employed to determine a lateral offset value for the 
moving crosshead 24 (i.e., a distance between the axis of the moving crosshead 
24 and the longitudinal axis 50). Thereafter, the receiver mount 1 10 is removed 
from the moving crosshead 24 and mounted to the gauging surface 200 of the 
container 30. The digital laser receiver 104a is mounted to the receiver mount 
110 at a known position and the spacing bar 212 is adjusted vertically and/or 
rotated as necessary so that the laser beam 102a properly strikes the target 
portion 120. The laser receiver 104 is employed to determine a lateral offset 
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value for the container 30 (i.e., a distance between the axis of the container 30 
and the longitudinal axis 50). 

[0062] With the vertical and lateral offset values for the moving crosshead 
24 known, we prefer to adjust the jack screws 72 on the moving crosshead 24 at 
this point in the process so that the stem 68 is approximately aligned (vertically 
and horizontally) to the longitudinal axis 50 of the extrusion press 10. While not 
mandatory, we prefer to align the stem 68 to the longitudinal axis 50 to minimize 
any side loading of the extrusion press 10 during an extrusion cycle. 
[0063] In Figure 8, the first and second chucks 112 and 114 are next 
employed to determine the position of the axis of the container 30 relative to the 
axis of the stem 68. With reference to Figure 9, the first chuck 112 includes a 
centering device 300, such as a three-jaw chuck, and a transmitter mount 302 
that is coupled to the centering device 300. The centering device 300 permits 
the first chuck 112 to be removably coupled to the stem 68 in a manner which 
places the transmitter mount 302 in a known position relative to the axis of the 
stem 68. The laser transmitter 1 02 is coupled to the transmitter mount 302 so 
that when the first chuck 1 12 is mounted to the stem 68, the laser beam 102a is 
coincident to the axis 304 of the stem 68. The geometry of the stem 68 is such 
that its front face 308 is machined perpendicular to the axis 304 of the stem 68. 
Accordingly, the laser beam 102a is also generally perpendicular to the front face 
308 of the stem 68. 
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[0064] In Figure 10, the second chuck 114 similarly includes a centering 
device 320, such as a three-jaw chuck, and a receiver mount 322. The centering 
device 320 permits the second chuck 114 to be removably coupled to the 
container 30 in a manner which places the receiver mount 322 in a known 
position relative to the axis of the container 30. The receiver mount 322 includes 
a mounting flange 324 to which the digital laser receiver 104a is rotatably 
mounted. The receiver mount 322 is configured such that the mounting flange 
324 is spaced apart from the centering device 320 so as to protect the digital 
laser receiver 104a from the heat that is radiated from the container 30. 
[0065] In operation, the second chuck 114 is mounted to a front face 326 
of the container 30 such that the mounting flange 324 is positioned in a known 
position. This could entail, for example, keying the second chuck 114 to or 
otherwise associating the second chuck 114 with the container 30, but we 
presently prefer to simply install the second chuck 1 14 so that a flat surface 328 
on the receiver mount 322 is in a level condition. Placement of the mounting 
flange 324 in a known position is important in the example provided because the 
digital laser receiver 104a is only able to collect data along an axis that is 
transverse to the laser beam 102a. Accordingly, mounting the digital laser 
receiver 104a in a single, fixed position would not be appropriate, since the laser 
beam 102a would not necessarily strike the target portion 120. Stated another 
way, since the axes 302 and 334 of the stem 68 and the container 30, 
respectively, are movable relative to one another, there is no guarantee that their 
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axes will be aligned in a predetermined manner. We have overcome this 
limitation by permitting the digital laser receiver 104a to rotate on the mounting 
flange 324 about the axis 334 of the container 30 and marking the face 336 of 
the mounting flange 324 with reference marks 338 (Fig. 11) at predetermined 
intervals, such as 30°, to indicate the angular orientation of the digital laser 
receiver 104a. 

[0066] More specifically, the receiver mount 322 includes a dowel pin 340 
that is press fit into the mounting flange 324. The digital laser receiver 104a is 
removably coupled (via pins that are not specifically shown) to a fixture block 
342. The fixture block 342 includes a hole 350 (Figs. 12a, 12b) that is sized to 
receive the dowel pin 340 such that the fixture block 342 may rotate about the 
dowel pin 340. The dowel pin 340 is placed such that when the second chuck 
1 14 is coupled to the container 30, the center of the dowel 340 is coincident with 
the axis 334 of the container 30. 

[0067] In this way, the digital laser receiver 104a may be rotated into an 
angular orientation where the target portion 120 is struck by the laser beam 
102a. The data from the laser receiver 104 provides a distance (r) between the 
laser beam 102a and the axis 334 of the container 30, while the reference marks 
338 (Fig. 11) on the face 336 of the mounting flange 324 provide the angular 
orientation (9) of the target portion 120. The data (r, 9) for this first point on the 
axis of the container 30 can readily be converted from its polar coordinate form 
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into a conventional Cartesian coordinate form (X,Y) as follows: X = r x sin(9); and 
Y= rxcos(e). 

[0068] The second chuck 114 is removed from the front face 326 of the 
container, the position of the mounting flange 324 is reversed and the second 
chuck 1 14 is installed to the rear face 360 of the container 30 as shown in Figure 
13. The above-described process is repeated to identify a second point on the 
axis 334 of the container 30 to thereby permit the technician to determine the 
position of the axis 334 of the container 30 relative to the axis 304 of the stem 68. 
[0069] Although the methodology of the present invention has been 
described as employing a single second chuck 114 to collect data on the 
opposite faces of the container 30, those skilled in the art will appreciate that 
various modifications may be made to the tooling without departing from the 
scope and spirit of the invention described herein. In this regard, the tooling set 
100 may include a second receiver mount 322' that may be coupled directly to 
the centering device 320 as illustrated in Figures 14 and 15. In this example, the 
receiver mount 322' is removably coupled to the centering device 320 in a 
precise manner (e.g., via flat head cap screws or shoulder bolts) such that the 
digital laser receiver 104a may be rotated relative to the centering device 320 as 
described above. 

[0070] Using the data from the measurement step, the technician is able to 
determine whether any of the corresponding critical devices (CCD) have been 
positioned in a strategic position (SP C d) that adversely effects the output of the 
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machine tool. If so, the technician adjusts the corresponding critical devices 
(CCD) as necessary so that no critical device (CD) is positioned in a strategic 
position (SPcd) that adversely effects the output of the machine tool. 
[0071] With regard to the example provided, the data from the 
measurement step permits the technician to identify those situations where the 
axes 304 and 334 are not coincident, as well as to formulate a response or action 
which, when implemented, will render the axes 304 and 334 generally coincident. 
Generally speaking, once the relative positions of the axes (304, 334) of the stem 
68 and the container 30 are known, it is within the capabilities of one of ordinary 
skill in the art to identify which of the jack screws 72a and 72b must be adjusted 
and the amount by which each of these jack screws 72a and 72b are to be 
adjusted. Those skilled in the art will also appreciate that a computerized 
program or spreadsheet may be employed to record the data taken during the 
measurement step, as well as to automatically identify the jack screws 72a and 
72b that are to be adjusted and an amount by which they are to be adjusted. 
[0072] The experimentation step essentially requires that the technician 
test the results of the process after an adjustment has been made. In the 
example provided, we tested our results by measuring the concentricity of the 
tubes that were produced by the extrusion press 10. Our process permitted 
significant reductions in the eccentricity of the tubes produced by the extrusion 
press 10, as well as reduced the occurrence of eccentricity-based breakage 
during the extrusion of tubes. 
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[0073] While the invention has been described in the specification and 
illustrated in the drawings with reference to a preferred embodiment, it will be 
understood by those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without departing from the 
scope of the invention as defined in the claims. In addition, many modifications 
may be made to adapt a particular situation or material to the teachings of the 
invention without departing from the essential scope thereof. Therefore, it is 
intended that the invention not be limited to the particular embodiment illustrated by 
the drawings and described in the specification as the best mode presently 
contemplated for carrying out this invention, but that the invention will include any 
embodiments falling within the foregoing description and the appended claims. 
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